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Abstract: The ecological relevance and factors shaping dynamics of Limnohabitans sp. have been largely
studied by fluorescence in situ hybridization with a 16S rRNA probe targeting the R-BT group (lineages
LimBCDE), but not lineage LimA. Consequently, ecology and distribution of LimA remained unknown.
We developed a double hybridization strategy using a novel 23S rRNA probe specifically targeting LimA
and LimE that in combination with the existing R-BT probe can discriminate LimA populations. This
technique was applied for more than 1000 samples from 46 freshwater sites including long-term data sets
from oligo-mesotrophic Lake Zurich, CH and meso-eutrophic Římov reservoir, CZ. LimA was ubiqui-
tously distributed and highly abundant. Observed ecological preferences of LimA in Lake Zurich were
in general similar to already reported for Limnohabitans with highest numbers in surface waters during
growing seasons. Three times higher densities of LimA were detected in Římov reservoir, where they were
significantly more abundant at the riverine zone especially after flood events that introduced fresh terres-
trial DOM (dissolved organic matter). Moreover, statistical analyses of biological and physicochemical
parameters obtained from small dynamic water bodies confirmed a correspondence between LimA and
allochthonous DOM, in opposite to R-BT that was more related to algal primary production.
DOI: https://doi.org/10.1111/1462-2920.13663




Shabarova, Tanja; Kasalický, Vojtěch; Šimek, Karel; Nedoma, Jiří; Znachor, Petr; Posch, Thomas; Pern-
thaler, Jakob; Salcher, Michaela M (2017). Distribution and ecological preferences of the freshwater
lineage LimA (genus Limnohabitans) revealed by a new double hybridization approach. Environmental
Microbiology, 19(3):1296-1309.
DOI: https://doi.org/10.1111/1462-2920.13663
Name Explains % pseudo-F P P(adj)
Temperature 29.6 79.7 0.001 0.0016
DOC 26 66.8 0.001 0.0016
O2 23.3 57.6 0.001 0.0016
NO3 21.1 50.9 0.001 0.0016
TPB 21 50.5 0.001 0.0016
NH4 17.2 39.6 0.001 0.0016
D-Chl 16.8 38.3 0.001 0.0016
Conductivity 15.8 35.6 0.001 0.0016
Depth 15.4 34.5 0.001 0.0016
G-Chl 9.8 20.7 0.001 0.0016
PO4 8.4 17.5 0.001 0.0016
Turbidity 8.3 17.2 0.001 0.0016
Org N 7.6 15.6 0.001 0.0016
C-Chl 5.4 10.8 0.002 0.003
P-Chl 4.1 8 0.003 0.004
DP 2.2 4.3 0.026 0.033
Chl A 1.1 2.1 0.126 0.154
PP 1 1.9 0.15 0.174
Cl 0.6 1.2 0.291 0.319
Cy-Chl 0.6 1.2 0.305 0.319
TP 0.5 1 0.362 0.362
Table S1: Redundancy analysis of abundances of LimA and R-BT in epilimnion of Lake Zurich. Simple term effects of 
explanatory variables. Significant values are shown in gray. P(adj), P values with correction of false discovery rate; 
DOC, dissolved organic carbon; O2, oxygen concentrations; NO3, nitrate concentrations; TPB, total phytoplankton 
biomass; NH4, ammonium concentrations;  D-Chl, chlorophyll a associated with diatoms;  G-Chl, chlorophyll a 
associated with green algae; PO4, phosphate concentrations; Org N, organic nitrogen; C-Chl, chlorophyll a 
associated with Cryptophyta; P-Chl, chlorophyll a associated with Planktothrix rubescens; DP, dissolved 
phosphorus; Chl A, total chlorophyll a; PP, particular phosphorus; Cl, chloride concentrations; Cy-Chl, chlorophyll a 
associated with cyanobacteria; TP, total phosphorus.
Supporting information
LimA abundances
Fraction Variation % of explained F P
A 0.26 57.4 12.9 0.001




Fraction Variation % of explained F P
A 0.13 25.8 7.6 0.001
B 0.12 24.6 10.9 0.001
A+B 0.25 49.6
Unexplained 0.50
Table S2: Results of variation partitioning. Fraction A - group of physicochemical parameters: 
concentrations of dissolved phosphorus, dissolved organic carbon, ammonium, nitrate, phosphate, 
temperature, sample depth and conductivity; Fraction B - group of phytoplankton related parameters: 
concentrations of chlorophyll a associated with Planktothrix rubescens, Cryptophyta, diatoms and green 
algae, and total phytoplankton biomass; concentrations of oxygen and organic nitrogen, as well as 
turbidity were not included in analysis because of their high association with both groups. 
Name Explains % pseudo-F P P(adj)
pH 19.7 13.5 0.008 0.059
NO3 18.3 12.3 0.024 0.059
Chl A 17.8 11.9 0.02 0.059
Temperature 16.5 10.8 0.018 0.059
O2 14 8.9 0.024 0.059
Summer 12.5 7.9 0.018 0.059
Cy-Chl 12 7.5 0.028 0.059
DRSi 11.8 7.4 0.050 0.079
River 11.1 6.8 0.044 0.070
DRP 10.9 6.7 0.042 0.070
TP 10.9 6.7 0.026 0.059
Spring 10 6.1 0.012 0.059
A370 7.6 4.5 0.038 0.069
Middle 4.3 2.5 0.246 0.292
C-Chl 3.4 1.9 0.188 0.255
Autumn 2.9 1.6 0.206 0.260
Dam 2.7 1.5 0.54 0.57
D-Chl 2.1 1.2 0.418 0.467
G-Chl 0.4 0.2 0.92 0.92
Table S3: Redundancy analysis of abundances of LimA and R-BT in Římov reservoir. Simple term effects of 
explanatory variables. Significant values are shown in gray. P(adj), P values with correction of false discovery rate; 
NO3, nitrate concentrations; Chl A, total chlorophyll a; O2, oxygen concentrations; Cy-Chl, chlorophyll a associated 
with cyanobacteria; DRSi, dissolved reactive silica; DRP, dissolved reactive phosphorus; TP, total phosphorus; A370, 
absorbance measured at 370 nm excitation; C-Chl, chlorophyll a associated with Cryptophyta; D-Chl, chlorophyll a 
associated with diatoms; G-Chl, chlorophyll a associated with green algae.
Name Explains % pseudo-F P P(adj)
Conductivity 28.4 10.3 0.001 0.007
pH 24.6 8.5 0.001 0.007
A 250 20.2 6.6 0.003 0.014
SUVA254 19.2 6.2 0.006 0.021
Chl A 13.1 3.9 0.023 0.064
A250/A365 9.7 2.8 0.056 0.112
DOC 7.5 2.1 0.145 0.252
O2 6.3 1.8 0.162 0.252
Temperature 5.1 1.4 0.261 0.365
Altitude 3.7 1 0.349 0.444
TP 3.4 0.9 0.403 0.47
Surface area 2.2 0.6 0.551 0.593
DRP 0.6 0.2 0.835 0.835
Table S4: Canonical correspondence analysis of abundances of LimA, R-BT and PnecC in small highly dynamic water 
bodies. Simple term effects of explanatory variables. Significant values are shown in gray.  P(adj), P values with 
correction of false discovery rate; A250, absorbance measured at 250 nm excitation; SUVA254, ratio between specific 
UV absorbance measured at 254 nm and DOC concentration; Chl A, total chlorophyll a concentrations;  DOC, 
dissolved organic carbon; O2, oxygen concentrations; NO3, nitrate concentrations; TPB, total phytoplankton 
biomass; NH4, ammonium concentrations; TP, total phosphorus; DRP, dissolved reactive phosphorus.
Samples of lakes, ponds, peat bogs, karst springs  (Switzerland and Czech Republic)
LimA % LimE % LimA Ab. (cells ml-1) LimE Ab. (cells ml-1) 
4 6 ND NA -
BQL NA -
6 1 ND - -
5 0 ND NA -
17 3 ND NA -
ND ND - -
ND ND - -
8 7 ND NA -
Sample ID and additional information
Egelsee, CH 
Lake Thun (n=10), CH 
Seeweidsee, CH
Lützelsee, CH
Milandre (karst spring), CH 
Karst spring ( Thun), CH
Bärenschacht cave pools  (n 12), CH
Peat bogs (pH=4.5&5.0; close 
Peat bog (close to Lützelsee), CH
Peat bog (pH=4.4 Innerbergli), CH
17 3 ND 1 48E+06 -
Cultures and enrichments of alga, cyanobacteria and macrophytes 
LimA % LimE % LimA Ab. (cells ml-1) LimE Ab. (cells ml-1) 
ND ND - -
ND ND - -
ND ND - -
ND ND - -
ND ND - -
ND ND - -
1.2 ND -
ND ND - -
ND ND - -
3.9 ND 7.29E+04 -
11.7 ND 2.73E+05 -
Sample ID
Rhodomonas sp ( ímov reservoir, Rim 08-01)
Cryptomonas sp. (SAR 26.80)
Cryptomonas ovata (Lipno reservoir, 4-Lip09/IV)
Pediastrum boryanum (Lipno reservoir, 46-Lip10/V)
Chlamydomonas noctigama (Schönhengst, SAG 6.73)
Staurastrum sp.
Dolichospermum sp. ( ímov reservoir, Rim 04-37)
Aphanizomenon sp. (Fishpond, 06-07)
Enrichment with Planktothrix rubescens (Lake urich), (n=2)
Outdoor culture of Utricularia australis
Outdoor culture of U. stygia & vulgaris
Indoor culture of U. reflexa 45.5 ND 9.03E+05 -
NA
ND
ND ND - -
ND ND - -
Table S5: Abundances of LimA and LimE in different samples.  % – percentage of DAPI stained cells; Ab. 
– abundance; ND – not detected; NA – not available; BQL – below quantification limit.
Table S6: List of sampled habitats used for CCA. List of habitats, with geographical, physical, chemical and biological parameters. HG – Habitat groups: 1 – Humic lakes and 
ponds; 2 – Forest ponds; 3 – Small shallow ponds; 4 – Fishponds and reservoirs; 5 – Alkaline lakes; A250 – absorbance at 250 nm; A250/A365; the ratio between absorbances at 
A250 and A365 nm; SUVA – SUVA(254), ratio between specific UV absorbance measured at 254 nm and DOC concentration; DOC – dissolved organic carbon; TP – total 
phosphorus; DRP – dissolved reactive phosphorus; Chl-a –chlorophyll a; % – percentage of DAPI stained cells; BQL – below quantification limit; ND – not detected; NA – not 
available; * – water bodies with surface area > 10 ha, which were not included in CCA for highly dynamic water systems. Adopted from Šimek et al., 2010.
Name HG  Date Latitude (GPS - North)
Longitude































Jiřická 1 17.04.2008 48°36'57.722"N 14°40'35.739"E 893 3.24 5.8 3.4 35 11.1 0.73 4.3 13.4 5.2 31.5 8.9 1.4 0.85 3.6 1.7 1.9 ND 1.6 0.0
Jiřická 1 13.10.2008 48°36'57.722"N 14°40'35.739"E 893 3.24 6.4 10.2 40 9.8 0.63 4.2 12.3 4.9 38.0 6.6 6.2 3.52 10.2 30.2 4.5 B L 15.7 NA
Huťský 2 17.04.2008 48°39'20.536"N 14°40'55.552"E 825 2.97 6.2 5.8 47 10.2 0.29 4.9 6.7 4.1 12.8 1.5 2.3 1.21 11.5 21.9 18.6 B L 22.4 NA
Huťský 2 13.10.2008 48°39'20.536"N 14°40'55.552"E 825 2.97 6.8 10.3 53 12.3 0.34 4.7 7.9 4.2 19.9 4.0 4.5 2.94 8.2 13.2 5.8 B L 17.1 NA
Kapelung 2 17.04.2008 48°36'45.501"N  14°42'45.93"E 863 2.70 6.4 6.0 53 11.7 0.23 4.7 5.3 4.2 12.0 1.9 8.5 1.56 8.3 27.3 1.4 0.8 2.1 1.2
Mlýnský 2 17.04.2008 48°42'37.59"N 14°42'40.405"E 770 4.46 6.5 3.5 55 10.7 0.24 4.2 4.4 5.4 26.2 8.6 1.3 0.99 5.4 1.7 0.4 B L 0.4 NA
Mlýnský 2 13.10.2008 48°42'37.59"N 14°42'40.405"E 770 4.46 6.7 9.5 54 7.7 0.25 4.4 5.4 4.5 19.4 3.4 3.1 3.35 32.1 19.1 7.0 B L 23.5 NA
Pivoňka 2 17.04.2008 48°39'45.115"N 14°39'13.511"E 785 0.19 6.7 5.6 79 11.6 0.19 4.7 4.5 4.1 10.5 2.1 1.1 1.00 10.1 2.2 5.0 B L 5.0 NA
Uhlištský 2 17.04.2008 48°38'50.593"N 14°39'19.163"E 807 1.30 6.1 5.9 44 11.0 0.22 5.1 4.9 4.2 10.9 1.5 2.0 1.69 9.5 27.4 2.5 B L 4.2 NA
Uhlištský 2 13.10.2008 48°38'50.593"N 14°39'19.163"E 807 1.30 6.0 9.4 46 9.5 0.316 4.6 6.8 4.4 14.1 5.1 3.2 2 6.2 0.9 2.4 1.7 4.0 2.9
Zlatá Ktiš 2 17.04.2008 48°40'44.478"N 14°42'32.248"E 768 5.11 6.5 6.2 21 11.7 0.26 4.8 5.6 4.5 18.9 2.6 6.3 1.62 19.9 15.7 2.9 0.5 4.6 0.9
Zlatá Ktiš 2 13.10.2008 48°40'44.478"N 14°42'32.248"E 768 5.11 7.2 11.2 50 11.3 0.35 4.7 7.4 4.6 17.4 4.8 2.5 4.26 17.5 27.4 4.0 0.7 17.0 3.0
Gosau 3 13.08.2008  47°35'23.43"N  13°34'13.26"E 710 0.04 7.6 13.7 481 10.3 0.02 6.3 2.7 0.5 6.5 1.3 1.1 1.64 34.9 1.4 1.2 1.0 2.0 1.6
Letten 3 12.08.2008  47°22'13.44"N  12°58'21.47"E 1600 0.00 6.9 23.2 35 7.2 0.19 3.5 4.3 4.1 106.3 12.1 17.3 4.04 75.1 68.6 5.7 B L 23.1 NA
Trög 1 3 06.08.2008  47°15'0.10"N  13°15'39.89"E 1950 0.002 6.1 18.2 10 6.8 0.06 4.4 2.5 2.2 7.6 0.4 2.0 2.93 84.4 83.1 17.8 0.9 52.3 2.8
Hejškův 4 15.04.2008 48°46'10.997"N 14°48'11.358"E 549 0.60 6.3 11.0 109 10.3 0.18 5.8 7.7 2.3 57.9 0.2 1.0 2.47 30.1 33.5 1.8 1.6 4.5 4.0
Hojná Voda 4 17.04.2008 48°43'34.474"N 14°43'39.408"E 798 0.12 6.6 6.2 60 12.8 0.03 4.2 1.7 1.7 29.8 2.6 8.5 2.74 29.8 26.2 3.4 2.1 9.4 5.7
Horní Kracle 4 12.05.2008 50°8'26.406"N 13°50'34.327"E 414 1.28 7.9 19.4 277 11.30 0.32 3.9 7.2 4.3 24.3 1.9 1.1 8.34 36.7 71.2 3.1 ND 26.3 0.0
Klíčava* 4 13.05.2008 50°3'58.019"N 13°55'55.635"E 302 71.00 8.9 16.7 452 12.6 0.10 9.4 6.1 1.5 16.0 0.9 1.5 5.72 34.9 4.1 0.9 B L 5.3 NA
Krásná Dolina 4 12.05.2008 50°7'28.829"N 13°47'49.513"E 380 0.40 8.9 17.4 314 10.7 0.09 6.5 10.1 0.8 21.0 1.2 5.4 2.97 43.9 8.5 2.0 ND 6.0 0.0
Láz* 4 13.05.2008 49°39'41.673"N 13°53'36.704"E 642 16.00 6.8 16.8 61 8.0 0.11 6.8 3.9 2.8 11.7 1.1 2.4 3.35 36.1 4.2 1.5 0.4 5.0 1.4
Lesní 4 15.04.2008 48°52'32.991"N 14°46'47.181"E 483 0.40 6.7 10.6 107 11.7 0.31 6.7 12.3 2.4 26.7 1.9 3.9 1.64 25.5 48.6 3.3 2.7 5.3 4.4
Nový u Cepu* 4 08.07.2008 48°55'16.912"N 14°49'52.806"E 458 10.50 7.0 21.8 211 5.7 0.28 7.2 12.9 2.1 115.0 3.1 31.7 13.80 120.1 88.2 2.5 ND 35.1 0.0
Přesličkový 4 15.04.2008 48°46'17.082"N 14°48'9.57"E 544 1.65 6.6 11.2 102 10.3 0.17 5.8 7.5 2.1 44.5 9.9 6.3 3.09 27.2 27.1 2.0 0.8 6.1 2.4
Prostřední 4 12.05.2008 49°58'40.832"N 13°55'24.35"E 381 3.60 8.8 19.6 423 12.5 0.17 7.0 4.8 3.3 36.0 9.5 17.7 7.44 58.7 8.7 0.3 B L 1.5 NA
Suchomasty 4 13.05.2008 49°56'2.501"N 14°2'45.217"E 264 7.00 8.8 18.3 918 21.1 0.07 3.4 4.7 1.5 67.9 1.8 122.5 9.24 50.8 5.6 1.0 B L 9.2 NA
Tůň 1 4 08.07.2008 48°50'5.001"N 14°55'37.325"E 466 0.01 6.8 17.6 131 4.7 0.29 4.9 9.4 2.9 85.5 28.4 14.0 3.11 39.8 42.7 5.3 B L 16.4 NA
Veverský 4 15.04.2008 48°46'1.904"N 14°47'56.892"E 547 8.00 6.6 10.8 99 8.9 0.17 5.5 7.4 2.2 38.7 3.1 8.0 2.19 18.6 23.4 3.1 2.3 6.7 5.1
Halleswiessee 5 05.08.2008  47°46'7.18"N  13°32'16.91"E 796 1.00 8.6 17.2 245 14.2 0.10 5.0 3.6 2.6 17.5 3.9 10.7 2.97 23.8 14.3 5.1 1.4 15.2 4.2
Hallstättersee* 5 13.08.2008  47°36'36.53"N  13°38'15.05"E 509 855.00 8.4 15.5 188 10.2 0.06 5.5 2.3 2.6 5.9 0.3 1.4 4.39 49.6 10.4 2.0 B L 8.9 NA
Krottensee 5 13.08.2008  47°46'55.05"N  13°23'18.82"E 586 9.00 8.3 21.0 284 7.8 0.06 7.4 3.0 2.0 5.7 0.9 2.1 1.14 12.1 6.4 3.8 B L 4.3 NA
Mönichsee 5 06.08.2008  47°46'6.26"N  13°27'13.62"E 1296 2.30 8.2 17.4 164 9.2 0.07 6.7 2.5 2.9 5.2 0.2 3.0 1.11 6.2 0.4 1.7 B L 1.9 NA
Offensee* 5 05.08.2008  47°45'11.29"N 13°50'12.27"E 647 55.00 8.3 17.9 248 9.1 0.03 6.2 2.0 1.5 3.3 0.4 1.0 2.18 24.0 0.3 5.0 B L 10.9 NA
Class of Substrate Substrate Name Rim8 L. australis Jir 52 Jir 61 SP3 L. planktonicus L. parvus Rim47
Amino acids D-Alanine 2.0 1.2 1.0 0.3 1.3
L-Alanine 0.9 0.7 1.6 4.4
L-Asparagine 1.0 2.9
0.8 0.4
0.7 0.7 0.3 0.1 0.8 1.8
L-Glutamine 1.5 4.0
L-Glutamic Acid 5.4 0.8 3.6
L-Proline 1.5 1.0 0.2 6.4 0.7 3.1
D-Serine 0.2 0.5
L-Serine 0.1 0.8 1.2
D-Threonine 0.2
L-Threonine 1.0 0.4 0.2
Amino sugars N-Acetyl-D-Glucosamine 0.8 0.5 0.1 2.3 5.8
N-Acetyl-β-D-Mannosamine 1.7 0.4 2.3 0.5 0.5
D-Glucosaminic Acid 0.5
Carboxylic acids 2.1 2.6 1.1 2.9
1.5
Bromo Succinic Acid 0.3
Citric Acid 1.5
Fumaric Acid 10.0 0.8
Formic Acid 7.4 1.2
Glycolic Acid 0.2 0.9
Glyoxylic Acid 1.1 1.8
α-Hydroxy Butyric Acid 0.2 0.1 0.4
α-Hydroxy Glutaric Acid-γ-Lactone 1.0 0.2 0.2
0.1 0.4
0.1 0.2
α-Keto-Butyric Acid 0.3 0.3
α-Keto-Glutaric Acid 5.1 0.5
10.0 0.1 6.9 0.4 1.5
D-Gluconic Acid 0.8 1.9 2.8
D,L-Malic Acid 1.3
D-Malic Acid 2.1 0.8 0.3 0.7 0.5 1.0
L-Malic Acid 10.0 0.8 0.7 0.2 0.8 2.3
Methyl Pyruvate 5.0 2.3 11.3 0.1 3.9 1.0 2.2
Mono Methyl Succinate 4.0 1.0 0.5 0.1 0.6 2.0 1.1 1.6
Propionic Acid 0.2 0.9 0.9 0.4 0.8
Pyruvic Acid 0.7 1.3
D-Saccharic Acid 0.7 0.7 0.2 0.1 0.8
Succinic Acid 10.3 0.9 0.4 0.9 2.2
Tricarballylic Acid 0.7
L-Alanyl-Glycine 1.3 0.6 2.0 2.9
0.3 0.6 1.9
Glycyl-L-Glutamic Acid 0.4 0.3 1.2
Glycyl-L-Proline 0.3 0.8 0.9
Glycols Tween 20 1.7 3.6
Tween 40 2.3 4.4
Tween 80 3.5 7.5
1,2-Propanediol 0.3
Glycosides α-Methyl-D-Galactoside 0.8 2.4 5.6
α-Methyl-D-Glucoside 4.3 0.3 0.4
Table S7: Metabolic characteristics of Limnohabitans isolates. A biomass increase is given in times of the control 
treatment (ALW without carbon source and was scored as highly positive (>2 of control treatments, dark green), 
positive (0.5-2 of control, green), weak (0.1-0.5 of control, light green), no growth or inhibition (<0.1 of control, 
white).
Class of Substrate Substrate Name Rim8 L. australis Jir 52 Jir 61 SP3 L. planktonicus L. parvus Rim47
Monosaccharides L-Arabinose 0.8 1.7 4.2
L-Fucose 0.5 1.1
D-Fructose 10.0 6.9 3.0 5.2
D-Galactose 1.1 0.9 5.0 0.3 0.5 2.9 4.3
α-D-Glucose 5.9 5.6 2.9 5.1
L-Lyxose 0.8 2.5
D-Mannose 2.0 2.5 2.0 0.6 0.1 4.7 2.6 5.4
D-Psicose 0.2 2.1
L-Rhamnose 2.0 0.4 1.2
D-Ribose 0.9 0.8 1.9
D-Xylose 0.4 2.3 5.8
Oligosaccharides D-Cellobiose 1.2 3.5 7.0
α-D-Lactose 2.7 0.5 0.7
Lactulose 3.1 0.5 0.8
Maltose 1.3 3.2 6.2
Maltotriose 4.5 7.5
D-Melibiose 2.2 0.9
Sucrose 5.5 0.9 3.6 8.4
D-Trehalose 1.8 1.9 1.9 0.1 0.5 2.5 3.5 6.7
Ribonucleosides Adenosine 0.2 1.1
Inosine 0.6 0.9
Uridine 0.3 1.4
Deoxyribonucleosides 2-Deoxy Adenosine 0.3
Thymidine 0.2 0.7
Sugar acids D-Glucuronic Acid 0.8 0.8
Glycerol 0.5 1.3
M-Inositol 0.8
D-Mannitol 5.7 2.0 4.6
D-Sorbitol 1.7 5.1
L-Galactonic Acid-γ-Lactone 0.5 1.0
D-Galactonic Acid-γ-Lactone 1.0
D-Galacturonic Acid 1.8 3.7
Mucic Acid 0.6 0.3
M-Tartaric Acid 0.8
Adonitol 0.1 1.8 3.9
Dulcitol 4.1 4.2 4.0 5.3 0.1 1.9 0.3 1.2




Sugar phosphates D-Fructose-6-Phosphate 0.1 0.2
D-Glucose-1-Phosphate 0.2
D-Glucose-6-Phosphate 0.5
D,L-α-Glycerol-Phosphate 3.0 0.2 0.4
Table S7: Metabolic characteristics of Limnohabitans isolates. A biomass increase is given in times of the control 
treatment (ALW without carbon source and was scored as highly positive (>2 of control treatments, dark green), 
positive (0.5-2 of control, green), weak (0.1-0.5 of control, light green), no growth or inhibition (<0.1 of control, 
white).
Parameter Unit Method of measurement Interval Depths
Temperature °C YSI multiprobe * biweekly 1-120 m (in 1m steps)
Conductivity µS/cm YSI multiprobe biweekly 1-120 m (in 1m steps)
Oxygen concentration mg/l YSI multiprobe biweekly 1-120 m (in 1m steps)
Turbidity NTU YSI multiprobe biweekly 1-120 m (in 1m steps)
Phosphate (P) µg/l Photometry monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 60, 80, 100, 120, 130, 135 m
Dissolved phosphorus (P) µg/l Photometry monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 60, 80, 100, 120, 130, 135 m
Particular phosphorus (P) µg/l Photometry monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 60, 80, 100, 120, 130, 135 m
Total phosphorus (P) µg/l Photometry monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 60, 80, 100, 120, 130, 135 m
Nitrate (N) mg/l Ion chromatography monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 60, 80, 100, 120, 130, 135 m
Ammonium (N) µg/l Photometry monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 60, 80, 100, 120, 130, 135 m
Organic nitrogen (N) µg/l Analytically monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 60, 80, 100, 120, 130, 135 m
Chloride ion mg/l Ion chromatography monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 60, 80, 100, 120, 130, 135 m
Dissolved organic carbon mg/l Shimadzu TOC analyzer monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30 m
Total phytoplankton biomass µg FW/ l** Microscopic counting and sizing 
and conversion to biomass
monthly 0, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 80,  120, 135 m
Total chlorophyll a µg/l bbe fluoroprobe *** biweekly 1-120 m (in 1m steps)
Chlorococcales chlorophyll a µg/l bbe fluoroprobe biweekly 1-120 m (in 1m steps)
Cyanobacteria chlorophyll a µg/l bbe fluoroprobe biweekly 1-120 m (in 1m steps)
Diatom chlorophyll a µg/l bbe fluoroprobe biweekly 1-120 m (in 1m steps)
Cryptophyta chlorophyll a µg/l bbe fluoroprobe biweekly 1-120 m (in 1m steps)
P. rubescens  chlorophyll a µg/l bbe fluoroprobe biweekly 1-120 m (in 1m steps)
Table S8: Biological and physico-chemical parameters determined for Lake Zurich
*Yellow Springs Instruments, model 6600, Yellow Springs, OH, USA
** µg of fresh weight per liter 





























































L. australis MWH-BRAZ-DAM2D   (FM178226)
Clone Lake Zurich 5 m 31.05.12 (HF968501)
Curvibacter gracilis (NR_028655)
Albidiferax ferrireducens (NR_074760)
Rhodoferax fermentans (NR_025840) 
Polaromonas jejuensis (NR_044379)
Polaromonas glacialis (NR_109013) 
Polaromonas naphthalenivorans (NR_074651)
L. parvus II−B4 (FM165536)T
L. curvus MWH-C5  (AJ938026)T
Clone Lake Zurich 5 m 31.05.12 (HF968498)
Clone Lake Zurich 5 m 31.05.12 (HF968502)























Figure S1: Phylogenetic reconstruction of Limnohabitans and related genera (Comamonadaceae). Maximum 
likelihood tree based on sequences of 16S rRNA genes. Bootstrap values above 40% are displayed for key 
nodes. The scale bar on the bottom corresponds to 1% sequence difference. Groups of novel isolates 
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Text S1: Primers und PCR conditions
Conditions for PCR with primers 113f and 2774r_mod : 
Initial denaturation 3’ at 94°C 
Cycle x 35 
denaturation 30‘’ at 94°C 
annealing 30’’ at 50°C 
extension 2’50’’ at 72°C 
Final extension 10’ at 72°C 
Cooling down to 10°C 
Sequences of primers 
* Ludwig W, G Kirchhof, N Klugbauer, M Weizenegger, D Betzl, M Ehrmann, C Hertel,
S Jilg, R Tatzel, H Zitzelsberger, S Liebl, M Hochberger, J Shah, D Lane, and PR 
Wallnoef. (1992). Complete 23S ribosomal RNA sequences of gram-positive bacteria with 
a low DNA G+C content. Syst. Appl. Microbiol. 15:487-501. 





2744r_mod GCTTAGATGCTTTCAGC 2744r * 
